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(RF) signal and to provide the RF signal to multiple channels
of a tuner. Each channel may include an amplifier to amplify
the RF signal, a mixer to downconvert the amplified RF signal
to a second frequency signal using a local oscillator (LO)
signal, where each of the channels is configured to receive a
different LO signal, a filter to filter the downconverted second
frequency signal, and a digitizer to digitize the downcon-
verted second frequency signal. A clock generation circuit
has multiple interpolative dividers and a frequency synthe-
sizer to generate a reference clock signal. Each of the inter-
polative dividers is configured to receive the reference clock
signal, generate a corresponding O signal, and provide the
corresponding L.O signal to the mixer of at least one of the
channels.
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1
MULTI-TUNER USING INTERPOLATIVE
DIVIDERS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/799,384, filed Mar. 13, 2013, the content of
which is hereby incorporated by reference.

BACKGROUND

Televisions with multiple channel reception capabilities
can provide desirable features such as picture-in-picture,
recording one or more channels while watching another one,
and fast channel switching time between a few adjacent chan-
nels or a few recently tuned channels. Typically, multiple
tuners are provided to enable these capabilities. In general,
these tuners are each implemented as a discrete tuner. While
there have been efforts to implement a single tuner in a single
semiconductor die integrated circuit (IC), it has proven diffi-
cult to incorporate more than one tuner on a single die, par-
ticularly in terms of area and power consumption, and per-
formance issues.

SUMMARY OF THE INVENTION

In one embodiment, an apparatus includes a splitter to
receive a radio frequency (RF) signal and to provide the RF
signal to multiple channels of a tuner. Each such channel may
include a first amplifier to amplify the RF signal, a mixer to
downconvert the amplified RF signal to a second frequency
signal using a local oscillator (LO) signal, where each of the
channels is configured to receive a different LO signal, a first
filter to filter the downconverted second frequency signal, a
digitizer to digitize the downconverted second frequency sig-
nal.

In addition, the apparatus further includes a clock genera-
tion circuit having a frequency synthesizer to generate a ref-
erence clock signal and multiple interpolative dividers. Each
of these interpolative dividers is configured to receive the
reference clock signal, generate a corresponding LO signal,
and provide the corresponding O signal to the mixer of at
least one of the channels.

The apparatus is a multi-tuner circuit configured on a
single semiconductor die, in an embodiment. A controller
may be coupled to the interpolative divider to control a value
of the LO signal output by the interpolative divider to cause
downconversion of the amplified RF signal to a narrowband
signal substantially around DC. Note that the resolution of the
interpolative divider may be limited to cause spurs generated
in the interpolator divider to be maintained away from the LO
signal.

In another embodiment, a system includes an integrated
circuit (IC) multi-tuner circuit having a first semiconductor
die including a first tuner to receive and process a RF signal to
output a first digitized signal and a second tuner to receive and
process the RF signal to output a second digitized signal. In
addition, the IC may include or be coupled to a clock genera-
tion circuit having a single frequency synthesizer to generate
a reference clock signal and multiple interpolative dividers.
Each divider includes an interpolator having M-levels of reso-
Iution, where each of the interpolative dividers is to receive
the reference clock signal and to generate a corresponding LO
signal according to a fixed divide ratio and to provide the
corresponding [.O signal to one of the tuners. Note that each
interpolator may be configured to operate as a M/2-level
interpolator when a desired channel is a digital channel and as
a M-level interpolator when the desired channel is an analog
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channel. The system may further include a demodulator
coupled to receive and demodulate the digitized signals.

Yet another embodiment is directed to a method including
configuring an interpolative divider of a clock generation
circuit of a television tuner as a M/2-level interpolator respon-
sive to a request to tune to a desired channel corresponding to
a digital channel, controlling the interpolative divider to gen-
erate a LO signal from a reference clock signal according to a
fixed divide ratio and providing the LO signal to a first tuner
of a plurality of tuners of the television tuner. In turn, the RF
signal may be downconverted in the first tuner using the LO
signal and further processed.

Instead, responsive to a request to tune to a second desired
channel corresponding to an analog channel, the interpolative
divider may be configured as a M-level interpolator. More
specifically, in an embodiment, the interpolative divider may
be configured as the M-level divider if a downconverted sig-
nal from the analog channel would be substantially around
DC. Otherwise the interpolative divider may be configured as
the M/2-level interpolator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a multi-tuner architecture in
accordance with an embodiment.

FIGS. 2A and 2B are diagrammatic illustrations of chan-
nels present in various bandwidths in accordance with an
embodiment.

FIG. 3 is a block diagram of a multi-tuner architecture in
accordance with yet another embodiment.

FIG. 4 is a block diagram of an interpolative frequency
divider arrangement in accordance with an embodiment.

FIG. 5 is a schematic diagram of an interpolative frequency
divider in accordance with one embodiment.

FIG. 6 is a timing diagram illustrating generation of a local
oscillator signal using an interpolative divider in accordance
with an embodiment.

FIG. 7 is a flow diagram of a method of operating a multi-
tuner architecture in accordance with an embodiment.

FIG. 8 is a block diagram of a system in accordance with
one embodiment.

DETAILED DESCRIPTION

In various embodiments a single chip multi-tuner solution
is provided, where in many embodiments multiple tuners can
be integrated on a single semiconductor die. Such designs are
attractive as it can be more cost and power efficient compared
to a solution where multiple single tuners or dual tuner chips
are used. Embodiments may also enable reduced area and
power per tuner, as more and more tuners are integrated into
a single die/multi-chip module (MCM).

In a basic implementation, a multi-tuner chip can be
designed by integrating multiple single tuners into a single die
whose area and power essentially scales with the number of
tuners integrated. In this approach, managing voltage con-
trolled oscillator (VCO)-to-VCO coupling of individual tun-
ers can be a challenge to address.

Generation of local oscillator (LO) clocks based on a single
VCO may therefore be implemented in some embodiments.
There is, however, a trade-off between the VCO frequency
and granularity of LO frequencies that can be generated in a
power and cost efficient way. For example, in a given CMOS
technology, if integer divider ratios are used, a synthesizer
with a 13.6 GHz fixed VCO frequency affords generation of
100 MHz LO granularity. Such 100 MHz L.O spacing sets an
intermediate frequency (IF) to be anywhere between —50
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MHz to 50 MHz. Such wide IF bandwidth may impose very
stringent requirements on image rejection, [F ADC dynamic
range, linearity, digital downconversion and channel filtering,
among other things as will be described below.

Thus other embodiments provide an LO generation
scheme based on interpolative dividers so that fractional
divide ratios may be generated and thus the trade-off between
fixed VCO frequency and LO spacing is: smaller LO spacing
for the same VCO frequency implies reduced IF bandwidth.
For example, with an 8-level interpolative divider, IF band-
width can be reduced to 15 MHz from 50 MHz for the same
13.6 GHz VCO frequency. As a result, image rejection and IF
dynamic range requirements can be relaxed significantly, and
therefore, a smaller lower power LO path and IF chain may be
realized. Similar benefits exist in the digital part of the signal
chain.

Embodiments are based on a key observation of interpola-
tive dividers: spurs generated by the divider for a given frac-
tion are located at certain frequencies related to the generated
LO if the interpolator cycles through the interpolation levels
periodically. Once this observation is made, the L.O genera-
tion circuitry may be designed such that any generated spur is
placed in a manageable location. For one implementation of
aninterpolative divider, for example, the spur is either located
at half-L.O frequency or not present at all, depending on the
divide ratio. When it is present, the spur is sufficiently away
from the LO frequency such that one or more tracking filters
located prior to a downconversion mixer may provide suffi-
cient attenuation to a blocker located at half-L. O for adequate
signal reception.

In different implementations, a variety of different tuner
arrangements are possible to realize a multi-tuner architec-
ture. While embodiments described herein contemplate
incorporation of multiple tuners within a single semiconduc-
tor die, understand that other implementations may provide
each tuner on a separate die incorporated within a multi-die
single integrated circuit (IC) package.

Referring now to FIG. 1, shown is a block diagram of a
multi-tuner architecture in accordance with an embodiment.
In the embodiment shown in FIG. 1, circuit 100 includes two
tuners. Understand that while shown in this example with two
tuners for ease of illustration, it is possible that additional
tuners may be provided. Multi-tuner 100 includes a single
frequency synthesizer 125 having a fixed frequency, namely a
fixed VCO frequency, L.

In the embodiment shown, incoming radio frequency (RF)
signals are provided to a RF front end unit 110. In general,
front end unit 110 may include various analog circuitry such
as one or more amplifiers, e.g., active splitters, low noise
amplifiers (LNAs) with programmable gains, one or more
filters and so forth. Note that in various embodiments, an
active splitter may be provided within the signal processing
path, either off-chip prior to front end unit 110 or as part of the
front end unit. The resulting processed RF signals are pro-
vided in turn to a plurality of mixers 120, and 120,. In gen-
eral, each mixer is configured to downconvert the received RF
signal to a different, lower frequency signal. Inthe example of
FIG. 1, mixers 120, and 120, are configured to downconvert
the incoming RF signal to intermediate frequency (IF) sig-
nals. To this end, each of the mixers further receives a LO2x
frequency from a frequency synthesizer 125 followed by an
integer-N LO divider (not shown in FIG. 1). In the embodi-
ment shown, synthesizer 125 may be a phase locked loop
(PLL) that generates different LO frequency signals from a
fixed VCO frequency signal f,,_, generated from a received
reference clock signal.

10

15

20

25

30

35

40

45

50

55

60

65

4

The resulting IF signal output by mixers 120, and 120,,
which may be quadrature signals in an embodiment in which
the mixers are quadrature mixers, are provided to correspond-
ing real or complex IF filters 130, and 130,. The filtered
signals may be provided to corresponding programmable
gain amplifiers (PGAs) 140,,-140,,, that in turn provide
amplified signals to corresponding analog-to-digital convert-
ers (ADCs) 150,,-150,,,. As one such example, each ADC
may be a delta-sigma (AZ)-based ADC that generates a digi-
tized signal (e.g., an N-bit signal) that may be provided to
additional circuitry such as a demodulator or other processing
logic of a system (not shown for ease of illustration in FIG. 1).

Note that with the embodiment shown in FIG. 1, since the
LO divider ratio is an integer value, the LO frequency difter-
ence between two consecutive divider ratios is fvco/2N-fvco/
2(N+1). For fvco=13.6 GHz and N=8, 9, 10, . . . , LO fre-
quencies that can be generated are 850 MHz, 755.555 MHz,
680 MHz, . . . and so on. Hence, spacing between two con-
secutive LO frequencies is at least 94.445 MHz. Therefore, if
all possible channels between two LO frequencies are to be
covered without changing the VCO frequency, IF stages fol-
lowing the mixers, namely IF filters and ADCs, may be con-
figured with a relatively wide bandwidth, e.g., approximately
around 50 megahertz (MHz) for the above example. Due to
this relatively high bandwidth, there may be challenges in
meeting [F dynamic range requirements and image rejection
(IR) requirements. Accordingly, in other embodiments to
ease at least certain constraints, a multi-tuner architecture can
include, instead of complex IF filters, wideband real low pass
filters (LPFs).

Referring now to FIGS. 2A and 2B, shown are diagram-
matic illustrations of channels present in various bandwidths
in accordance with an embodiment. As shown in FIG. 2A,
when using an IF bandwidth of 50 MHz, the resulting signal
processing bandwidth is approximately 100 MHz. As such,
12-16 channels may be present within this band. Assuming a
desired channel N, note the presence of relatively large block-
ers within the same band, leading to a potentially large
dynamic range to handle these undesired signals, given the
magnitude of the difference between the undesired and
desired channels.

In contrast, referring to FIG. 2B, with a narrow bandwidth
of the IF signal processing path (approximately 15 MHz
instead of 50 MHz), reduced dynamic range requirements
exist, as instead the band to be handled may include only 3-4
channels. In an embodiment this leads to reduced dynamic
range requirements (e.g., approximately 8 dB lower) and
corresponding relaxed IR requirements (e.g., also 8 dB). Fur-
thermore, using such a narrow band architecture, the image
rejection engine may calibrate to a smaller bandwidth. As
such, these relaxed requirements lead to improved and sim-
plified signal processing.

Referring now to FIG. 3, shown is a block diagram of a
multi-tuner architecture in accordance with yet another
embodiment. As shown in FIG. 3, tuner 200 is an N-channel
tuner including N different channels 215,-215,, each of
which is configured to receive and process an incoming RF
signal RF;,. Note that tuner 200 can be implemented on a
single semiconductor die. As seen in FI1G. 3, the incoming RF
signal is provided to a splitter 210 that splits and provides the
signal to each of the different channels. This RF signal may
have been previously amplified by a LNA located off-chip, or
by an on-chip LNA (not shown in FIG. 3). For purposes of
discussion herein, the components of a first channel, channel
1 (215,), are described. Understand each channel may be
configured similarly, although operating at a different fre-
quency band.
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In the example shown in FIG. 3 as to the signal processing
path of channel 215, the RF signal is first provided to a LNA
220,. In turn, the amplified signal is provided to a tracking
bandpass filter (BPF) 230,. The resulting filtered signal is
then coupled to a mixer 240, which may be configured as a
quadrature mixer to downconvert the RF signal to a lower
frequency signal (e.g., an IF signal). As will be described
further below mixer 240, is configured to mix the RF signal
with an LO signal received from a clock generation circuit
280, which in the embodiment of FIG. 3 includes a single
frequency synthesizer 282 and a plurality of interpolative
dividers 284 each programmable to generate an [.O signal for
one or more corresponding channels of the tuner. In addition
clock generation circuit 280 includes control circuitry such as
a microcontroller unit (MCU) or other control logic (such as
spur management logic) (not shown) to calculate divider
ratios of the different integer and interpolative dividers based
on the RF frequency.

Still with reference to FIG. 3, the lower frequency output
from mixer 240, is provided to corresponding PGAs 250, -
250, . In turn, amplified signals may be provided to corre-
sponding low pass filters 260,,-260,, . In an embodiment, the
bandwidth of these filters may be less than approximately 16
MHz. The resulting filtered signals in turn may be provided to
corresponding digitizers 270;,-270,, which in an embodi-
ment can be configured as AX modulators (DSMs). In an
embodiment, these ADCs may operate at a relatively narrow
bandwidth, e.g., approximately 15 MHz. By providing a nar-
row bandwidth ADC, design constraints are relaxed, enabling
a smaller and lower power solution than the embodiments
discussed above as to FIG. 1. As with the above tuner, the
resulting digital outputs from the ADCs may be provided to
further circuitry of a system. Although shown at this high
level in the embodiment of FI1G. 3, understand the scope is not
limited in this regard.

Referring now to FIG. 4, shown is a block diagram of an
interpolative divider arrangement in accordance with an
embodiment. As shown in FIG. 4, clock generation circuit
300 includes a frequency synthesizer 310. In an embodiment,
the frequency synthesizer may be an on or off-chip frequency
synthesizer, such as a crystal oscillator or other frequency
generation circuitry. As seen, frequency synthesizer 310 gen-
erates a VCO frequency |, that is provided to the plurality of
channels 320,-320,,. For purposes of discussion, a single
channel 320, of the clock generation circuit is described in
detail. Understand that in a particular implementation each
such divider may be similarly configured (although pro-
grammed with different divide ratios while in operation).

In general, an interpolative divider uses an integer divider
for the integer portion of the divider ratio. Then the fractional
portion is provided by interpolating one VCO period. So if
one wants to divide by 5.375, the edges at the LO output are
at 5375 T, 10.75 T, 16.125 T, 21.5 T, 26.875 T, 32.25 T,
37.625 T, 43 T, where T is one VCO clock period. So the
fractional parts provided by the interpolator divider are 0.375
T,0.75T,0.125T,0.5T,0.875 T, 0.25 T, 0.625 T and 0 and so
on. The divider settings on the other hand would be ST, 5 T,
6 T (transition between 16.125 T-10.75 T), ST, 5T, 6 T
(transition between 26.875 T-32.25 T), 5 T, 6 T (transition
between 37.625T-43 T), and so on. The fractional part may be
provided by a counter with a step size of 0.375. And every
time the counter overflows, the divider is configured as a
divide-by-6 divider.

As seen, the incoming fixed VCO frequency is provided to
a divider 322. In various embodiments, this divider may be a
controllable or programmable divider that is controlled to
divide by N or N+1, where N is a programmable number and
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represents the integer portion of the LO divider ratio. In a
particular embodiment, N may be programmed to be between
5 and 10. In general, divider 322 operates to divide the VCO
frequency signal by this value N. However, upon receipt of a
control signal (which in an embodiment is an overflow signal)
from a counter 324, divider 322 operates to divide the VCO
frequency signal by N+1. Thus in operation, a number of
divide cycles occur during which the division is by N and one
or more divide cycles occur during which the division is by
N+1. For example, in every eight cycles there will be k cycles
for which the divider is configured as divide-by-(N+1) and
(8-k) cycles for which the divider is configured as divide-by-
N. Thus the overall divider ratio is N+(k/8),k=0,1,2,...,7.

Still referring to FIG. 4, counter 324 is configured to count
to a value set by a step signal received from the MCU. This
step value is based on the given RF frequency. In operation,
counter 324 generates a three bit output count value FRAC
[2:0]. Note that counter 324 is clocked by the output of divider
322. This output of the divider is further provided to a delay
element 325 that has a delay corresponding to a period of the
VCO frequency (T,_,).

The divided VCO frequency signal output by divider 322
and the delayed version from delay element 325 are provided
to an interpolator 326, which in an embodiment may be a
multi-level phase interpolator that interpolates between these
two clock pulse edges to generate an interpolated output
signal. This interpolated output signal in turn is provided to
another divider, namely a divide by two divider 328, in the
embodiment of FIG. 4.

This resulting L.O frequency signal is provided to the cor-
responding mixer of the given channel to thus enable the
received RF signal to be downconverted to a given (e.g., IF)
frequency based on this LO frequency signal. Although
shown at this high level in the embodiment of FIG. 4, under-
stand that other implementations are possible.

Referring now to FIG. 5, shown is a schematic diagram of
an interpolative frequency divider in accordance with one
embodiment. In the embodiment shown in FIG. 5, divider 320
is configured to receive a VCO frequency from a synthesizer
310. More specifically, a divider 322 may include a plurality
of programmable dividers to generate a desired number N for
the frequency divider. In turn, the resulting divided VCO
frequency signal is provided to a delay element 325 and a
phase interpolator 326.

As seen, phase interpolator 326 includes a plurality of
current DACs, each of which is of a particular weighted value.
In various embodiments, phase interpolator 326 is imple-
mented using binary-weighted DACs as part of integrators. In
a particular embodiment, a 16-level interpolator may be pro-
vided. However, for most operation scenarios, this interpola-
tor is configured to operate as an 8-level interpolator.

As seen, the current DACs couple to an integrating capaci-
tor C,,,, having a voltage controlled by a reset switch (trig-
gered by an output of an inverter 329), that is controlled by the
divided VCO frequency signal output from divider 322. In
turn, each of the current DACs receives a pair of clock pulses
A and B via delay element 325 and a phase count value from
counter 324, which acts as a control input. Note that these
clock pulses A and B have a delay with respect to each other
of one period of the reference clock signal. Stated another
way, clock pulse B trails clock pulse A by a single period of
the reference clock signal fin. Thus phase interpolator 326
interpolates between these two clock edges. There are two
integrating phases in the interpolator. In the first phase, the
integrating capacitor is charged with a current provided by the
DAC depending on the DAC input word for a duration equal
to one period of the reference clock. Then during the second
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phase, the DAC provides the full scale current. Once the
voltage across the integrating capacitor reaches the threshold
value, then the voltage across the capacitor is reset to make it
ready for the next interpolation. Thus, the interpolation ratio
is determined by the amount of current provided by the cur-
rent DAC during the first integrating phase, as seen in FI1G. 5.
Note that the current DACs of phase interpolator 326 inte-
grate charge with a fractional current to realize the voltage
stored in the integrating capacitor. In an embodiment having
an 8-level phase interpolator, a pair of 1x current DACs, a
single 2x current DAC, and a 4x DAC may be provided. The
resulting voltage stored in capacitor C,,, is compared to a
threshold voltage in a comparator 327, the output of which
clocks an additional divider 328, namely a divide by two
divider in order to remove the edge, which is not interpolated.

Referring now to FIG. 6, shown is a timing diagram, illus-
trating generation of a LO signal using an interpolative
divider in accordance with an embodiment. As shown in FIG.
6, 2.0 signal (lo2x, which is the output of divider 328 of FIG.
5) results from an incoming reference clock signal (fin),
which in the illustration of FIG. 5 is a 17 GHz reference clock
signal.

The illustration shown in FIG. 6 is of operations performed
to realize a divide by 5.25 operation. Because an integer-
based divider cannot perform fractional divisions, an interpo-
lative divider as in FIG. 5 can realize the desired divide by
ratio. As seen, the output of divider 322 is of a variable ratio.
Namely, the divide by ratio varies from 5 to 6 in a manner such
that the resulting interpolated value meets the desired divide
by ratio of 5.25.

Note that the clock pulse signals from delay element 325 (a
and b) are provided as inputs into phase interpolator 326, as is
the divided frequency signal f_,,,. In phase interpolator 326,
this signal is inverted and delayed to generate a reset signal
provided to a reset switch of the phase interpolator. In turn,
the control of the divide by ratio is by input of a phase control
signal that in turn is propagated to control the weightings of
the current DACs of phase interpolator 326. The outputs of
the individual current DACs are summed to generate an inte-
grating voltage (V,,,) via the integrating capacitor of phase
interpolator 326.

Then this integrating voltage is compared to a threshold
voltage (V,;,) in comparator 327 to thus generate a compari-
son output that in turn clocks divider 328, generating the
realized LO signal. Although shown with this particular
example, understand that different examples and different
values can be used to accommodate other divide ratios.

Note that it is possible for phase spurs to be introduced in
interpolative dividers because of interpolator DAC integral
nonlinearity (INL) due to DAC unit cell mismatch currents
and mismatches in the block path that controls the switching
of DAC cells. However, one can show that generated spurs are
always at the harmonics of M/8*fvco/(N+M/8)=M*LO/2.
Here it is assumed that there are two divide by two dividers
following the interpolator, one immediately following the
interpolator to remove the non-interpolated edges, and
another divider in the mixer, such that the LO signal is LO=
(fveo/(N+M/8))/4.

At UHF frequencies, the spurs are located at half the LO
frequencies for M=1, 3, 5, 7. A tracking filter in the receiver
signal processing path for UHF channels provides at least 20
dB attenuation for blockers at 12 of the LO frequency. For
frequencies below UHF, the receiver may switch to an
N-phase mixer (where N is an even number selected from
8-12-16-20-24, where the spurs disappear owing to the pres-
ence of extra divide-by-2 dividers.
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Thus the interpolative divider operates such that division is
by a first integer ratio for some number of reference clock
signals (corresponding to a given number of divider cycles),
and then division is by a second integer ratio for a different
number of reference clock signals (for a single divider cycle).
The result is thus an interpolation of one period of the refer-
ence clock signal to obtain a desired output clock signal,
which may be a divide by a fractional amount. Note that the
interpolator enables edge transitions to occur at a fractional
ratio of the reference period, when necessary. Otherwise, a
divider whose divider value is changed between N and N+1
for a certain number of reference cycles would still imple-
ment a fractional divider, but the output would have many
spurs, as many of the edges would not be at the right instant.

In an embodiment, the interpolative divider may be of low
resolution such that design constraints are relaxed and a low
power low complexity divider is realized. Although the scope
is not limited in this regard, in an embodiment an 8-level
interpolator may be provided. Also, the resolution may be
kept low to prevent spurs from being closer the LO carrier. For
example, switching to a 16-level interpolator would cause the
spurs to be located at M/16*fvco/(N+M/16)=M*L.0O/4, which
would cause the spurs for UHF channels to move closer to LO
(at LO/4 offset for M=1). This would then degrade the undes-
ired-to-desired signal power ratio (U/D) performance at LO/4
offset frequencies since tracking filters would provide less
attenuation for the blocker. However, as discussed further
below, to handle receipt of certain analog signals, a 16-level
interpolator (which is still of relatively low power and low
complexity) is provided. However, for receipt and processing
of digital signals and receipt and processing of many analog
signals, the 16-level interpolator can be configured to operate
as an 8-level interpolator.

Furthermore, by using an interpolative divider in accor-
dance with an embodiment, for a given desired channel of
reception, a fixed divide ratio is established. That is, although
the interpolative divider performs a series of multiple divide
by N operations and a series of multiple divide by N+1 opera-
tion, the resulting output is of a fixed divide ratio.

And, any spur that is generated due to the interpolative
divider operation is placed in a specific location that may be
very far away from a frequency of interest. For example, as
described herein embodiments enable location of a LO spur
to be outside a frequency band of interest (far away from a
channel of interest) and far away from a given LO frequency.
For example, as described herein for interpolative divider
ratios that even generate a spur, the spur location can be from
200-400 MHz away from a desired frequency channel and as
such, the impact of these spurs can be easily managed with the
blocker attenuation provided by tracking filters owing to the
far proximity of the spurs to LO carrier. That is, in various
embodiments rather than spreading noise energy due to con-
stant changing of divide ratios, here a fixed divide ratio for a
given desired channel is provided such that the spur generated
in the interpolative divider is located at a specific and known
frequency location, which is far away from the desired signal
channel. Such spur does not degrade the tuner’s blocker han-
dling capability owing to the far proximity of its location with
respect to the LO carrier.

Note that the only time that the fixed divide ratio for a given
interpolative divider is changed is on a change to a desired
channel, such as when a user selects a new television channel
for tuning.

To keep divider spurs away from LO carrier, the interpo-
lation levels are a minimized number. An 8-level interpolator
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provides divider ratios of 2x2x(5, 5.125, 5.250, etc.). So the
effective total divider values become 20,20.5,21,21.5, and so
forth.

Referring now to Table 1, shown is an example list of LO
divider settings for a single frequency synthesizer multi-tuner
architecture in accordance with an embodiment. As seen,
various interpolative divider ratios are provided for a given
reference clock signal (corresponding to a VCO frequency).
Inturn, a total divide ratio N is realized by way of the internal
divide by 2 divider at the end of the interpolative divider and
an additional divide by 2 divider coupled to an output of the
interpolative divider. As seen in Table 1, only those interpo-
lative divider ratios having % value settings generate LO
spurs. And note that these LO spurs are at a known location of
LO/2 such that the spurs do not degrade the tuner’s blocker
handling capability owing to the far proximity of its location
with respect to the LO carrier.

TABLE 1

LO spur
Foco Int. Div. Total Fiin Fcenter Fmax location
(GHz) Ratio divN  (MHz) (MHz) (MHz) (MHz)
17 5 20 835.0 850.0 865.0
17 5.125 20.5 814.3 829.3 8443  414.6
17 5.25 21 794.5 809.5 824.5
17 5.375 21.5 775.7 790.7 805.7 3953
17 5.5 22 757.7 772.7 787.7
17 5.625 22.5 740.6 755.6 770.6  377.8
17 5.75 23 724.1 739.1 754.1
17 5.875 23.5 708.4 723.4 7384  361.7
17 6.125 24.5 678.9 693.9 708.9
17 6.375 25.5 651.7 666.7 681.7 3333
17 6.625 26.5 626.5 641.5 656.5
17 6.875 27.5 603.2 618.2 633.2  309.1
17 7.125 28.5 581.5 596.5 611.5  298.2
17 7.5 30 551.7 566.7 581.7
17 7.875 31.5 524.7 539.7 5547  269.8
17 8.25 33 500.2 515.2 530.2
17 8.75 35 470.7 485.7 500.7

For an 8-step interpolative divider with a 17 GHz VCO as
the frequency synthesizer, the highest LO step (LO,,,,) is
approximately 20 MHz. Maximum bandwidth of a TV chan-
nel (BW_,) is 8 MHz. This maximum IF bandwidth (BW,,) is
used if the desired channel center frequency falls LO,, /2
away from the set LO location:

step’

LOgep + BWey,

BWp = 5

+ BWonargin

where BW,,, ..., is an additional margin allocated to the IF
bandwidth. With 1 MHz margin and given LO step and chan-
nel bandwidth, the required IF bandwidth is 15 MHz.

By providing a multi-tuner architecture with a single fre-
quency synthesizer, the total area and power consumption can
be greatly reduced, and furthermore, coupling between mul-
tiple VCOs is avoided. Note that in particular implementa-
tions, a frequency synthesizer can consume up to half of a
total area of a tuner. As such, by providing a single frequency
synthesizer, area of a single die multi-tuner can be greatly
reduced.

Note that embodiments can be used in various types of
receivers including terrestrial receivers configured to receive
both analog and digital signals. When configured for recep-
tion of analog signals, it is possible that after downconversion
to IF, a desired channel may fall very close to DC. For
example, assume that an interpolative divider is configured to
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generate an LO frequency of 850 MHz, and the desired chan-
nel is at or around 850 MHz. Thus after downconversion this
desired channel may be substantially at or around DC, which
may cause problems for purposes of analog reception. Note
that in other respects, the interpolative divider may be con-
figured the same and can handle both 8-level and 16-level
cases. Note further that for the 16-level case, the counter may
be configured as a 4-bit counter rather than a 3-bit counter.

To avoid this situation, embodiments may be configured to
cause the LO frequency to be one LO step higher or lower
than the otherwise appropriate LO frequency. In this case, the
IF bandwidth configured at 15 MHz may be increased, e.g., to
25 MHz to ensure that the downconverted signal still includes
the desired signal channel. However, by increasing the L.O
frequency, more stringent requirements for IF dynamic range
and image rejection may occur.

Thus in other embodiments, when the tuner is configured
for analog reception and when the desired analog channel
falls substantially around DC, the number of interpolation
levels may be increased. As described above, in an embodi-
ment a 16-level interpolator may be provided. For such ana-
log channels substantially falling around a DC, this results in
half the LO spacing of the 8-level interpolation cases
described above and LO frequency can be shifted by %2 LO
step higher or lower, causing the down-converted analog
channel to move away from DC. In these cases, even where
the LO frequency is set to be V% step higher or lower, the
maximum IF frequency bandwidth requirements do not
increase.

Furthermore to reduce noise inherent in the interpolative
dividers, each interpolative divider may be isolated, e.g., via
incorporation of appropriate isolation barriers configured on
the semiconductor die.

Referring now to FIG. 7, shown is a flow diagram of a
method of operating a multi-tuner architecture in accordance
with an embodiment. As shown in FIG. 7, method 500 can be
performed in a controller such as a microcontroller that may
be included within or coupled to clock generation circuitry of
the multi-tuner. As seen, method 500 begins by receiving an
incoming request to tune to a desired channel (block 510).
This request may be responsive to a user input to tune to a
desired channel, either for viewing or for recording and stor-
age of a program in a DVR or other storage device. The
requested channel may be an analog channel or a digital
channel and thus at diamond 520 it is determined the type of
channel. If it is a digital channel, control passes to block 530
where the interpolator of the appropriate interpolative divider
can be configured as an M/2 level interpolator. For example in
an embodiment in which a 16-level interpolator is present, to
keep spurs due to interpolative dividers as far away as pos-
sible from the LO carrier, the interpolator can be configured
as an 8-level interpolator.

Control next passes to block 540 where the interpolative
divider can be controlled to generate a fixed divide ratio
(block 540). For example, depending upon the frequency of
the desired channel, an appropriate LO signal is generated
using the interpolative divider set for a fixed divide ratio.
More specifically, interpolative divider can be set for a fixed
ratio to enable the resulting [.O signal to be used to downcon-
vert the incoming signal to an appropriate IF frequency,
which may be in a band that is near DC (e.g., within about 15
MHz). As further illustrated in FIG. 7, additional processing
after this downconversion can be performed to thus obtain a
digital signal that can be sent for further processing such as
demodulation and so forth.

Instead when the desired channel is an analog signal, con-
trol passes to diamond 560 to determine whether the down-



US 9,106,867 B2

11

converted IF signal would fall around DC. This situation
occurs when a given signal channel would be mixed with a
LO signal that causes the downconverted signal to be sub-
stantially at DC. If so, control passes to block 570 where the
interpolative divider can be configured as an M-level interpo-
lator and having an L.O frequency shifted higher or lower by
15 LO step. This shifting relocates the IF downconverted
signal away from DC but still within the IF bandwidth, which
is 15 MHz. In the implementation described above, a 16-level
interpolation is performed. In general in other aspects, pro-
cessing of this analog signal occurs as described above. Note
that the method of FIG. 7 can be performed in various loca-
tions within a tuner such as MCU or other control logic, either
within the clock generation circuitry or coupled thereto. And
of course although shown in this particular implementation,
understand that other alternatives are possible.

Embodiments thus provide a cost and power efficient
multi-tuner solution for terrestrial and cable TV reception
that can address LO generation and IF chain design trade-
offs, while eliminating VCO-t0-VCO coupling issues of a
multiple synthesizer solution. That is, with multiple VCOs,
each of which includes an inductor, interference with other
inductors may be created. Instead here, interpolative dividers
can be fully implemented in CMOS circuitry without the need
for inductors or other VCO components.

Embodiments may be implemented in many different sys-
tem types, such as set-top boxes, high definition or standard
digital televisions, and so forth. Some applications may be
implemented in a mixed signal circuit that includes both
analog and digital circuitry. Referring now to FIG. 8, shown is
a block diagram of a system in accordance with one embodi-
ment. As shown in FIG. 8, system 600 may include a televi-
sion that is coupled to receive a RF signal from an antenna
source 601 such as an over-the-air antenna. However, in other
embodiments, the original source may be cable distribution,
satellite, or other source that is then redistributed through a
digital terrestrial network. The incoming RF signal may be
provided to a tuner 605 which may be, in one embodiment a
single-chip tuner including a plurality of tuners as described
herein. As seen, tuner 605 may include a memory 602 to store
executable instructions and a plurality of tuner channels 603, _
n, each of which may include various analog front end cir-
cuitry and a narrowband ADC. As further seen, tuner 605 also
includes a clock generation circuit 604 including a single
frequency synthesizer and a plurality of interpolative dividers
as described herein.

The incoming RF signal is thus provided to tuner 605 for
tuning to one or more desired signal channels. Tuner channels
may include various circuitry. For example, in one embodi-
ment each channel 603 may include an amplifier having an
output coupled to a bandpass filter. In turn the filtered output
of'this bandpass filter is coupled to a mixer. In turn, the mixer
downconverts the incoming RF signal to an IF output, which
may be further processed (e.g., amplified and filtered) via a
signal processing path, and finally digitized in a narrowband
ADC.

Referring still to FIG. 8, the digitized output of these ADCs
of tuner 605 may be provided to additional processing cir-
cuitry including a demodulator circuit 615, which may
demodulate the incoming digitized signals. The output of
demodulator 615 may correspond to a transport stream such
as an MPEG-TS that is provided to a host processor 620 for
further processing into an audio visual signal that may be
provided to a display 630, such as a computer monitor, flat
panel television or other such display.

While the present invention has been described with
respect to a limited number of embodiments, those skilled in
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the art will appreciate numerous modifications and variations
therefrom. It is intended that the appended claims cover all
such modifications and variations as fall within the true spirit
and scope of this present invention.

What is claimed is:

1. An apparatus comprising:

a plurality of channels for receiving a radio frequency (RF)
signal, wherein each of the plurality of channels com-
prises:

a first amplifier to amplify the RF signal;

a mixer to downconvert the amplified RF signal to a
second frequency signal using a local oscillator (LO)
signal, each of the plurality of channels configured to
receive a different LO signal;

a first filter to filter the downconverted second frequency
signal;

a digitizer to digitize the downconverted second fre-
quency signal; and

a clock generation circuit including a frequency synthe-
sizer to generate a reference clock signal and a plurality
of interpolative dividers, each of the plurality of inter-
polative dividers to receive the reference clock signal
and to generate a corresponding LO signal therefrom
and to provide the corresponding [.O signal to the mixer
of at least one of the plurality of channels.

2. The apparatus of claim 1, wherein the apparatus com-
prises a multi-tuner circuit configured on a single semicon-
ductor die.

3. The apparatus of claim 1, wherein the clock generation
circuit comprises a controller coupled to the interpolative
divider, wherein the controller is to control a value of the LO
signal output by the interpolative divider to cause downcon-
version of the amplified RF signal to a narrowband signal
substantially around DC, wherein a resolution of the interpo-
lative divider is limited to cause spurs generated in the inter-
polative divider to be maintained away from the LO signal.

4. The apparatus of claim 1, wherein responsive to the RF
signal, the clock generation circuit is to configure a first
interpolative divider to operate at a fixed divide ratio.

5. The apparatus of claim 1, wherein each of the plurality of
channels further comprises a second filter coupled between
the first amplifier and the mixer.

6. The apparatus of claim 5, wherein each of the plurality of
channels further comprises a second amplifier coupled
between the mixer and the first filter.

7. The apparatus of claim 6, wherein the second filter
comprises a tracking bandpass filter and the first filter com-
prises a low pass filter.

8. The apparatus of claim 1, wherein the digitizer com-
prises a narrow band lowpass delta-sigma modulator.

9. The apparatus of claim 1, wherein each of the plurality of
interpolative dividers comprises:

a controllable divider to receive the reference clock signal

and to generate a divided clock signal;

a delay element to receive the divided clock signal and to
provide a delayed divided clock signal;

an interpolator to receive the divided clock signal and the
delayed divided clock signal and to interpolate the
divided clock signal and the delayed divided clock sig-
nal into a third frequency signal; and

a second divider to divide the third frequency signal to
obtain a LO2x signal.

10. The apparatus of claim 9, wherein the interpolative

divider further includes a counter to be clocked by the divided
clock signal, and to generate to a control signal to be provided
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to the controllable divider, wherein the control signal is to
cause the controllable divider to change a divide ratio from N
to N+1.

11. The apparatus of claim 9, wherein the interpolator
comprises:

a plurality of current digital-to-analog converter (DAC)

circuits; and

a capacitor to integrate an output of the plurality of current

DAC circuits.

12. The apparatus of claim 11, wherein the second divider
comprises:

a comparator to compare an integrating voltage of the

capacitor to a threshold voltage; and

a second delay element clocked by an output of the com-

parator.

13. The apparatus of claim 1, wherein responsive to a user
request for a first analog channel, at least one of the plurality
of interpolative dividers is to operate having a first number of
interpolator levels when the downconverted second fre-
quency signal falls substantially around DC, and responsive
to a user request for a digital channel, the at least one inter-
polative divider is configured to operate having a second
number of interpolator levels which is less than the first num-
ber of interpolator levels.

14. A system comprising:

an integrated circuit (IC) multi-tuner circuit having a first

semiconductor die including a first tuner to receive and
process a radio frequency (RF) signal to output a first
digitized signal and a second tuner to receive and pro-
cess the RF signal to output a second digitized signal;

a clock generation circuit including a single frequency

synthesizer to generate a reference clock signal and a
plurality of interpolative dividers each including an
interpolator having a plurality of levels of resolution,
each of the plurality of interpolative dividers to receive
the reference clock signal and to generate a correspond-
ing LO signal therefrom according to a fixed divide ratio
and to provide the corresponding [LO signal to one of the
first and second tuners, wherein the corresponding inter-
polator is configured to operate having a first number of
levels when a desired channel is a digital channel and
having a second number oflevels when the desired chan-
nel is an analog channel, the second number being
greater than the first number; and

a demodulator coupled to receive and demodulate the first

and second digitized signals.

15. The system of claim 14, wherein the first tuner further
comprises:

a first amplifier to amplify the RF signal;

amixer to downconvert the amplified RF signal to a second

frequency signal using the corresponding [LO signal;

a first filter to filter the downconverted second frequency

signal; and

a digitizer to digitize the downconverted second frequency

signal.
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16. The system of claim 15, wherein the clock generation
circuit comprises a controller coupled to the plurality of inter-
polative dividers, wherein the controller is to control a value
of'the LO signal output by a first interpolative divider to cause
downconversion of the amplified RF signal to a narrowband
signal substantially around DC, wherein a resolution of the
interpolative divider is limited to cause spurs generated in the
interpolative divider to be maintained away from the LO
signal.

17. A system comprising:

an integrated circuit (IC) multi-tuner circuit having a split-

ter circuit for receiving a radio frequency (RF) signal
and providing the RF signal at a plurality of output
terminals, the IC multi-tuner circuit comprising a first
tuner to receive and process the RF signal to output a first
digitized signal and a second tuner to receive and pro-
cess the RF signal to output a second digitized signal;

a clock generation circuit including a single frequency

synthesizer to generate a reference clock signal and a
plurality of interpolative dividers each including an
interpolator having a plurality of levels of resolution,
each of the plurality of interpolative dividers to receive
the reference clock signal and to generate a correspond-
ing LO signal therefrom according to a fixed divide ratio
and to provide the corresponding L.O signal to one of the
first and second tuners, wherein the corresponding inter-
polator is configured to operate having a first number of
levels when a desired channel is a digital channel and
having a second number oflevels when the desired chan-
nel is an analog channel, the second number being
greater than the first number; and

a demodulator coupled to receive and demodulate the first

and second digitized signals.

18. The system of claim 17, wherein the first tuner further
comprises:

a first amplifier to amplify the RF signal;

amixer to downconvert the amplified RF signal to a second

frequency signal using the corresponding L.O signal;

a first filter to filter the downconverted second frequency

signal; and

a digitizer to digitize the downconverted second frequency

signal.

19. The system of claim 18, wherein the clock generation
circuit comprises a controller coupled to the plurality of inter-
polative dividers, wherein the controller is to control a value
of'the LO signal output by a first interpolative divider to cause
downconversion of the amplified RF signal to a narrowband
signal substantially around DC, wherein a resolution of the
interpolative divider is limited to cause spurs generated in the
interpolative divider to be maintained away from the LO
signal.

20. The system of claim 17, wherein the first number is
one-half the second number.
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